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Abstract 
The features of the corrosion process in the artificial defect on the coating obtained by plasma electrolytic oxidation 
(PEO) method on magnesium MA8 alloy have been investigated using the Localized Electrochemical Impedance 
Spectroscopy (LEIS), Scanning Vibrating Probe (SVP) techniques along with the Non-Contact Optical Surface 
Profiler (OSP) technique. The analysis of the experimental data enabled us to suggest that the corrosion process in the 
defect zone developed predominantly at the magnesium/coating interface. The LEIS technique allows detecting the 
precision alterations result from corrosion process, which cannot be found by optical image. The data processing has 
demonstrated a good correlation between the results obtained by a group of methods at all stages of the corrosion process.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Guest Editors of 
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1. Introduction 
Plasma electrolytic oxidation (PEO) method is used for production of the coatings that improve the 
surface properties of various metals and alloys [1, 2]. The porous coatings are produced by high-voltage 
AC, DC or bipolar polarization of the substrate in appropriate electrolytes. Electrochemical impedance 
spectroscopy (EIS) technique was employed to analyze the corrosive properties of the PEO-coatings [2, 
3]. Development of the probe methods of EIS for studying of the localized phenomena has resulted in 
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appearance of Localized Electrochemical Impedance Spectroscopy (LEIS) [4, 5]. In this work, the LEIS 
technique was used to investigate the features of the corrosion in the artificial defect on the PEO-coating 
obtained on the magnesium. Another investigations of the heterogeneous (e.g. cluster`s) influence on the 
corrosion properties of the magnesium alloys were carried out by means of local scanning techniques. 
2. Experiment 
2.1. Samples
Magnesium alloy  MA8 (1.5  to  2.5  wt  % Mn;  0.15  to  0.35  wt  % Ce;  Mg balance)  rod  was  used  as  a  
sample. A specimen was embedded in an epoxy resin and mechanically grounded with silicon carbide 
(SiC) emery papers down to 1200 grit and washed with water. After that, this sample was processed by 
the PEO method in a silicate-fluoride electrolyte in the bipolar mode for obtaining a PEO-coating at the 
surface of the Mg alloy. The thickness of the coating was equaled to 16 ȝm, and the coated electrode area 
was  1.14  cm2. In the centre of the sample, an artificial pinhole (0.5 mm in diameter) was made using a 
drill to study the development kinetics of the corrosion-active zone at the coating surface. The electric 
contact for carrying out the electrochemical measurements was supplied in the bottom metallic part of the 
investigated sample.  
An electrode surface and artificial pinhole were researched by LEIS method, Scanning Vibrating Probe 
(SVP) technique in comparison with Non-Contact Optical Surface Profiler (OSP) technique. The LEIS 
mapping mode was used for sample at the open circuit potential. The maps were obtained at fixed 
frequencies 100 Hz and 1 kHz. Tap water was used as the electrolyte for the electrochemical experiments. 
The LEIS and SVP measurements for the sample were repeated every three hours over 15 hours in 3% 
NaCl solution.
2.2. Scanning measurements 
All the aforementioned measurements were performed through a PAR Model 370 Scanning 
Electrochemical Workstation, which was comprised of a 370 scanning control unit, a Solartron 1287 
electrochemical interface, a Solartron FRA 1255B and a video camera system. 
3. Results and discussion 
Due to the features of the LEIS method, the impedance and a phase angle distribution have been 
generated at all stages of the corrosion active process [6].
The colour intensity in Fig. 1 characterises the distribution of the impedance values at the sample 
surface. A decrease of the impedance magnitude (Fig. 1a) was registered after making of the artificial 
pinhole. The defect zone in the beginning of the experiment had very clear edges and a limited area. The 
tendency of decreasing of the impedance values can be revealed during the time of the experiment. A 
small increase in the resistance of the investigated system was fixed after exposure of the samples to the 
corrosion-active media for 6 hours as a result of the increase of the thickness of the corrosion products 
layer that led to a reduction in the supply of active components to the zone of corrosion. The exposure of 
the sample to a 3% NaCl solution for 15 hours (Fig. 1b) resulted in a sharp reduction of the impedance 
modulus. Analysis of the experimental results gave us a ground to suggest that the corrosion process in 
the defect zone developed predominantly at the magnesium/coating interface [6]. The Randles equivalent 
electrical circuit, which adequately simulates the mechanism of the corrosion process in the local defect 
of the protective PEO-coatings, has been used. Besides, the LEIS technique allows detecting the precision 
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changes result from corrosion process, which cannot be found by optical microscopy. It should be 
emphasised that, according to the optical estimation and OSP method, the area of the defect zone did not 
change during the time of the experiment. 
Fig. 1 LEIS mapping on the area around the artificial defect in the PEO-coating on the Mg alloy sample. Impedance modulus: a) 
before immersion in the 3% NaCl solution, and b) after a 15-hour immersion in the 3% NaCl solution. 
Moreover, morphology peculiarities, the electrode potential and current distribution in the defect zone 
and neighboring surface area were investigated by means of Scanning Vibrating Probe technique. 
According to the SVP method, the MA8 sample with an artificial defect in the PEO-coating was 
immersed in the electrolyte (the conductivity is equal to 150.0 ȝS/cm). The SVP mapping on the area 
around the artificial defect in the PEO-coating on the Mg alloy sample before the immersion in the 3% 
NaCl solution is shown in Figure 2a. After 3 hours of the exposure of the sample to the 3% NaCl solution, 
an increase of the potential gradient in the defect zone was observed. The tendency to the increase of the 
values of the potential gradient was continued and maintained after 6 hours of the exposure of the sample. 
However, the decrease of the distance between the equipotential points, which results from the formation 
of the corrosion products on the sides of the defect, was also established. Twelve hours of the exposure 
caused a sharp decrease of the potential values gradient. 
Fig. 2 SVP mapping on the area around the artificial defect in the PEO-coating on the Mg alloy sample: a) before immersion in the 
3% NaCl solution, b) after a 15-hour immersion in the 3% NaCl solution. 
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At this stage, the products of the corrosion process began to deposit at the bottom of the defect zone, 
whereas the distance between equipotential points tends to increase. Due to a partial passivation of the 
metal in the defect zone by corrosion products, the corrosion process began to develop on the intact part 
of  the  coating.  This  process  must  be  realized  through the  coating  pores.  When the  immersion  time was  
increased up to 15 hours, the values of the potential gradient between the undamaged coating and the 
bottom of the active surface (defect zone) began to increase again (Fig. 2b). The distance between 
equipotential points also increased, which was the result of the acceleration of the corrosion process in the 
defect zone. 
4. Conclusions 
The kinetics and mechanism of the corrosion process of the magnesium alloy in the local part of the 
heterogeneous area – the artificial defect zone at the surface of the PEO-coating – were investigated by a 
combination of the localized scanning methods (LEIS, SVP, OSP). The study has enabled us to establish 
the stages of the corrosion-active process. The experimental impedance spectra measured in the defect 
zone after the sample immersion in a corrosion media were fitted using the Randles equivalent circuit.  
Analysis of the experimental results indicates on the correlation of the data obtained by different 
techniques at all stages of the corrosion process. LEIS data enabled one to conclude that the corrosion 
process in the defect zone developed predominantly at the magnesium/coating interface. The decreasing 
of the values of the potential gradient between the undamaged coating and the defect zone of the surface 
during the exposure of the sample to the corrosion active solution could be explained by the corrosion 
process stages: in the pin-holes of the PEO-coating, at the metallic substrate/coating interface and in the 
porous part of intact PEO-coatings. 
Acknowledgements 
This work was supported by the Russian Foundation for Basic Research (Grant # 11-03-98513-
ɪ_vostok_ɚ) and Federal Programme "Research and Pedagogical Cadre for Innovative Russia" for 2009-
2013 (Contract # 02.740.11.0261). 
References 
[1] Yerokhin AL, Nie X, Leyland A, Matthews A, Dowey SJ. Plasma electrolysis for surface engineering. Surf. Coat. Technol
1999;122:73-21. 
[2] Ghasemi A, Raja VS, Blawert C, Dietzel W, Kainer KU. Study of the structure and corrosion behavior of PEO coatings on 
AM50 magnesium alloy by electrochemical impedance spectroscopy. Surf. Coat. Technol 2008;202:3513-6. 
[3] Liang J, Srinivasan PB, Blawert C, Stormer M, Dietzel W. Electrochemical corrosion behaviour of plasma electrolytic 
oxidation coatings on AM50 magnesium alloy formed in silicate and phosphate based electrolytes. Electrochim. Acta 2009;54:
3842-9. 
[4] Annergren I, Zou F, Thierry D. Application of localised electrochemical techniques to study kinetics of initiation and 
propagation during pit growth. Electrochim. Acta 1999;44:4383-11. 
[5] Isaacs HS, Kendig MW. Determination of Surface Inhomogeneities Using a Scanning Probe Impedance Technique. 
Corrosion 1980;36:269-6. 
[6] Sinebryukhov SL, Gnedenkov AS, Mashtalyar DV, Gnedenkov SV. Peo-coating/substrate interface investigation by 
localised electrochemical impedance spectroscopy. Surf. Coat. Technol 2010;205:1697-5. 
